This paper adds to the empirical literature of health as a potential endogenous explanatory variable in wage equations by addressing problems such as unobserved heterogeneity, sample selection and measurement error (in the health variable) in one comprehensive framework. Moreover, by using European individual-level panel data from before and during the Great Recession (GR)-which started in Europe in 2008-
Introduction
According to economic theoretical models, health, as a component of human capital, affects wages through productivity. An individual in bad health is assumed to have a lower productivity, and thus a lower wage rate (Becker, 1962; Mushkin, 1962) . Hence, if workers are paid according to their marginal productivity, wages will be determined by firm-level supply and demand factors and by Mincerian-type employee-level human capital (i.e. education and experience) and health effects (cf. Jäckle and Himmler, 2010) . 1 However, while there is a wide support in the empirical literature of the positive impact of experience and education on wages (see Card (1999) for a survey), the relationship between wages and health is less clear-cut.
Yet health, and in particular its possible endogeneity in wage equations and labor market equations in general, has received a great deal of attention in the literature (see Currie and Madrian (1999) for a survey). Common reasons for this endogeneity are nonrandom sample selection, because we only observe wages for those who choose to work and because participation is possibly correlated with idiosyncratic changes in wages, and unobserved heterogeneity, as there may be unobserved characteristics such as parental socioeconomic status (Flores et al., 2014) or even prenatal circumstances (Almond and Currie, 2011 ) that affect both health and wages. Another reason is the potential measurement error that arises in many studies, which, like ours, use selfreported health (SRH) status as a measure for actual health. This potential measurement error may stem from three sources: pure measurement error (see Bound et al., 2001; Crossley and Kennedy, 2002) , the justification bias (see Bound, 1991; Stern, 1989) , or the basing of SRH on subjective judgment, which may hinder comparison across individuals (Kapteyn et al., 2007; Meijer et al., 2011) . 2 1 Alternatively, Contoyannis and Rice (2001) argue that the (positive) relation between poor health and low wages may stem from employer beliefs that poor health correlates with unobserved characteristics that are negatively associated with productivity or from discrimination against individuals perceived to be in poor health (see also Currie and Madrian (1999, pp. 3332-3) and references therein). 2 There is some consensus in the literature that the pure measurement error and the reporting differences are likely to attenuate the impact of SRH on labor market outcomes (including wages), whereas the justification bias will most probably exaggerate its impact (Bound, 1991; Brown et al., 2010) . The direction of the other biases due to unobserved heterogeneity and sample selection is, a priori, unclear and will depend, respectively, on the correlation between the unobserved characteristics and health, and on whether selection is positive or not, as well as on the correlation between participation (i.e. selection) and health.
Most previous studies that analyze the impact of health on wages have considered the aforementioned problems to different extents. For instance, Haveman et al. (1994) estimate a simultaneous equations model for work, wages and health. They use panel data for men with "histories of significant labor force attachment" and report that (lagged) poor health does affect both wages and work-time negatively. However, they do not consider the aforementioned endogeneity problems of unobserved heterogeneity, sample selection and measurement error in their subjective health variable (which is constructed from two questions on whether the individual is work limited by health, and by how much). Contoyannis and Rice (2001) use data from employed British men and women and find that the significant effect of (excellent) SRH on wages in ordinary least squares (OLS) models becomes insignificant for men and remains only marginally significant for women when individual fixed effects (FE) are controlled for. However, reduced psychological health is found to reduce hourly wages for men. Using further Hausman-Taylor type instrumental variables estimators leaves these results virtually unchanged. Brown et al. (2010) use a Health Index approach in a similar vein to Bound et al. (1999) to correct for measurement error in SRH, and additionally control for unobserved heterogeneity and sample selection bias. They do not find an effect of health on men's (reservation) wages in Britain. 3 Jäckle and Himmler (2010) , on their side, use German data and compare different estimators that account for selectivity bias, unobserved heterogeneity and measurement error to assess the effect of health on wages. Their results suggest that health has in general a positive effect on wages for men but not for women.
Some studies have also explored the reverse causality of wages on health. 4 The empirical evidence on this issue is rather mixed and the models used often require additional assumptions for identification (see also Currie and Madrian, 1999, pp. 3320, 3331) . For instance, Lee (1982) and Cai (2009) , report a positive and no effect of wages on health for U.S. and Australian men, respectively. Also Haveman et al. (1994) model the reverse impacts of work-time and wages on health (although the estimation results that include the reverse effect of wages on health are not reported). Finally, it is also 3 However, and as will be made clear in Section 3, one possible drawback within their approach is that they plug into the wage equation the fitted values of a health stock variable obtained from a first-stage health equation that is estimated to correct for measurement error before correcting for selectivity bias (Semykina and Wooldridge, 2008) . 4 Grossman (2001) discusses a theoretical model on this issue. worth noting that all previous studies focus on prime-age individuals, except Lee (1982) who uses data from older workers.
Our contribution to the literature regarding the relationship between health and wages is twofold. First, we expand the findings of Jäckle and Himmler (2010) for Germany and use individual-level panel data from the European Union Statistics on Income and Living Conditions (EU-SILC) to assess the potential importance of unobserved heterogeneity, selection and measurement error when estimating the impact of health on wages for men and women in Europe, and by age groups. Second, we use data from before and during the Great Recession (GR), which started in Europe in 2008 (Arpaia and Curci, 2010) , to gain insights into whether and how the current crisis has altered the relationship between health and wages, an issue not yet addressed in the literature. For instance, budget cuts during the GR have restricted (overall) access to health care (Karanikolos et al., 2013) , which we would expect to result in an increase in the impact of health on wages, on average. On the other hand, the rise in uncertainty and unemployment (Leduc and Zheng, 2012) combined with decreases in (un) employment protection during the GR (OECD, 2013) may be pushing some workers to go to work when they are sick (CareerBuilder, 2011) . This phenomenon is known as presenteeism, and may, at least in the short run, reduce the impact of (poor) health on wages. Also, during recent years, there is some evidence of a reduction in the variable component of wages (Vandekerckhove et al., 2012) , the one that is likely to be more responsive to productivity-related components such as health, which might further reduce the impact of health on wages.
Our primary empirical findings show that in the period prior to the GR, and similar to Jäckle and Himmler's (2010) study for Germany, European working-age men (20-64 years old) who are in relatively better health (measured by a one-unit increase in a health index) have, on average, a 9 percent higher hourly wage rate. But in addition to their study, we show that this effect is concentrated (and largest) among older workers (50-64 years old). However, during the GR the positive impact of health on wages disappears. Two possible explanations for these findings are the abovementioned increase in presenteeism (i.e. attending work even though being sick) and the reduction of the (more) productivity-related component of wages during the current crisis. With regard to working-age women (20-59 years old), we do not find evidence of an effect of health on wages, neither before nor during the GR. Finally, and mainly for men, our results provide further empirical evidence of measurement error in the SRH variable when estimating its impact on wages, and of selectivity bias in wages.
The remainder of the paper is organized as follows. Section 2 describes the data and the main analytical variables. Section 3 outlines the empirical model and discusses a number of related econometric issues. Section 4 reports the estimation results and Section 5 analyzes their robustness. Section 6 summarizes the main findings and concludes. 5 The year 2008 is taken as the start of the GR in Europe (Arpaia and Curci, 2010) and, hence, is dropped from the release 2008.
Data and descriptive statistics
Our empirical analysis is based on data for male (female) respondents aged 20-64 (20-59) . 6 This selection yields 125,985 observations for 41,995 respondents for the period   2005-2007, and 131,200 observations for 32,800 respondents for the period 2008-2011. Panel attrition in EU-SILC is relatively low; of about 14 (11) percent by wave in the period 2005-2007 (2008-2011) . In our analysis, we exclude students, and in general individuals below age 20, as they may not have established work patterns (Haveman et al., 1994) . Moreover, we leave out self-employed workers since their motives with respect to labor market participation are specific and their reported earnings and hours are a poor proxy for their hourly wage rate. Additionally, we do not consider individuals in compulsory military service or those in (early) retirement. We also exclude individuals that are permanently disabled (handicapped) because they are not likely to be paid according to their marginal productivity for reasons such as discrimination and due to the fact that most of them work at sheltered workshops with subsidized wages (Jäckle and Himmler, 2010) . Missing values forces a 32 (34) percent reduction in sample size for the period 2005-2008 (2008-2011 Details on the definitions of all variables used in the empirical analysis are given in appendix Table A .1. The (log) hourly gross wage rate-measured in PPP's adjusted 2005 €-is defined for employed individuals and is obtained from dividing the amount of gross wage earnings by the number of hours (usually) worked. Countries such as Greece, Italy, Latvia and Portugal report only net wage earnings in the first waves and were, therefore, excluded from the analysis. 8 Self-reported health (SRH) status is rated on a five-point scale (from 1 to 5: very bad, bad, fair, good, and very good), and the variable determining selection, i.e. participation in the labor market, is defined as 1 if the individual works and 0 otherwise. Among our explanatory variables, experience 6 For women, mandatory retirement age in many of our sample countries (e.g., in the Eastern European countries) is age 60 (www.oecd.org/els/social/pensions/PAG). 7 Our choice of using a balanced panel is dictated by the correction procedures that we use, which are obtained under the assumption that there is no attrition. In particular, the variables in vector z i are always observed (see Section 3 and Semykina and Wooldridge (2008, pp. 33 ) for more details). 8 The reason for not considering net hourly wages is that they are likely to be affected by family conditions and tax legislation not related to an individual's labor market productivity. refers to actual experience, hence avoiding additional measurement error in this variable. 9 In order to capture differences in labor market institutions across the countries within our sample, we also include country-and gender-specific employment and unemployment rates in our empirical model in Section 3. This information is taken from the Labour Force Survey available from Eurostat (http://epp.eurostat.ec.europa.eu/). Table 1 provides summary statistics on these and other health, demographic and socioeconomic characteristics used in the empirical analysis for both periods, before and during the GR, and for working-age employed and nonemployed men and women.
Similar descriptive statistics by age groups are given in appendix Tables A.2 to A.4. Table 1 , both before (2005-2007) and during the GR (2008-2011), men earn higher (real) hourly wages than women, and employed men and women report better health than their nonemployed peers. The most notable change, however, when comparing the two time periods is the increase in the probability of working in women, which increases from 0.73 to 0.79 (this is known as the "added-worker effect" in the literature). This increase, moreover, is largest among older women (see Tables A .2-A.4 in the appendix). Instead, for men, the probability of working in our sample remains about the same in both periods (between 0.92-0.93). Furthermore, we do not find large changes in real hourly wages and SRH across time, with the possible exception of employed and nonemployed men for which real hourly wages and SRH increase slightly, respectively.
As shown in
Figures 1 and 2 show kernel density estimates for the logarithm of (real) hourly wages before and during the GR for those who report good or very good health (Good (+) SRH) and fair or worse health (Fair (-) SRH), by age groups and for men and women, respectively. As the figures show, across age groups and gender, the main changes in the density of wages occur for those who report worse health, whose wage density shifts slightly to the right, mainly because of a reduction in the lower tail of the density. Thus, the difference in wage densities between those reporting good or very good and fair or worse health becomes smaller during the GR, which suggests a diminishing role for health in wages during this period. 9 We also had to exclude the UK from our analysis, as it reports no data on experience. 
Figure 1: Kernel density estimates for the logarithm of hourly wages before and during the Great Recession by levels of SRH and age groups (Men)
Source: Author calculations based on EU-SILC (2005 , 2008 -2011 . The figures show kernel density estimates for the logarithm of real gross hourly wages before and during the Great Recession for men and by age groups for those who report good or very good (Good (+) SRH) and fair or worse health (Fair (-) SRH). 
Figure 2: Kernel density estimates for the logarithm of hourly wages before and during the Great Recession by levels of SRH and age groups (Women)
Source: Author calculations based on EU-SILC (2005 , 2008 -2011 . The figures show kernel density estimates for the logarithm of real gross hourly wages before and during the Great Recession for women and by age groups for those who report good or very good (Good (+) SRH) and fair or worse health (Fair (-) SRH).. 
The empirical model
Our aim in this paper is to estimate the impact of health on wages for the entire population (with panel data), but we only observe the wage rates for individuals who work. As already mentioned in Section 1, this creates a selection problem as the decision to participate in the labor market is likely to be nonrandomly determined and this is unlikely to be fully covered by observable factors (Heckman, 1979) . Moreover, exploiting the panel nature of our data using, e.g., a fixed effects approach will not solve this problem unless the selection process is time constant (Dustmann and Rochina-Barrachina, 2007) . If unobserved time-varying, e.g., lifestyle-related factors such as health determinants or motivation affect selection, this kind of selection will influence wages through the error term and lead to inconsistent estimation (Brown et al., 2010; Jäckle and Himmler, 2010) . Therefore, to tackle this selection problem, we estimate the following system of equations that model the relationship between health and wages:
Equation (1) well as variables such as experience and macro-level labor market variables that affect both wages and labor market participation (Montuenga et al., 2003) . In the participation To deal with these issues, in this paper we use Semykina and Wooldridge's (2010) framework, which basically extends Wooldridge's (1995) method for correcting for sample selection in fixed effects models by allowing some variable(s) in the main equation (wage equation) to be correlated with the (idiosyncratic) error term. Therefore, it z needs to include at least one variable that is correlated with the possibly endogenous explanatory variable in it x (in our case, SRH) but is at the same time not correlated with the error term in the wage equation 1 it u . More specifically, it z is assumed to be strictly exogenous in Equation (1) conditional on 1 i c . Here, we include two health limitation variables (chronic conditions and a Global Activity Limitations Indicator, GALI) that are assumed to be exogenous instruments for SRH. Although not strictly necessary, we also add exclusion restrictions to it z such as nonlabor income and other household composition variables (household size and marital status) that drive selection but can be omitted from the wage equation. We also define 1 it z as a subset of it z including all the exogenous variables in it x (i.e., all variables except SRH) plus the two health limitations variables.
To deal with the issue of unobserved heterogeneity, Semykina and Wooldridge (2010) -in a similar way to Wooldridge (1995)-use Mundlak's (1978) device and write the unobserved individual effects as a linear projection onto the (individual) time averages of it z , denoted . i z , and an error term. This is particularly important for the participation equation (2), as it allows to circumvent the incidental parameters problem in nonlinear models (Wooldridge, 2002) . After introducing some self-explanatory notation, we can rewrite Equations (1) and (2) in the following way: 
While this is a formal assumption which keeps the model manageable, it still provides flexibility by allowing residual correlation to subsist even after the introduction of the Mundlak terms controlling for persistent individual features in Equations (3) and (4). If we substitute Equation (5) into (3), we get:
where 1 it e is an error term.
Finally, the probit selection model requires the composite error term 2
to be standard normally distributed. The participation equation (4) Semykina and Wooldridge (2010) , and are adjusted for the additional variation introduced by the estimation of T probit models in the first step. 11
Estimation results
As explained in Section 1, one of the aims of this study is to gain insights into whether the current crisis has altered the relationship between health and wages. We, therefore, use data from before (2005) (2006) (2007) and during (2008) (2009) (2010) the GR and discuss the estimation results in Sections 4.1 and 4.2, respectively. Moreover, because the effect of health on labor market outcomes is expected to increase with age (Currie and Madrian, 1999) , we also explore if the impact of health differs across age groups (in addition to gender). Furthermore, in order to investigate the potential role of unobserved heterogeneity, selection and measurement error when estimating the impact of health on wages, we compare Semykina and Wooldridge's (2010) estimator (SemWool10) to the one of Wooldridge (1995) (Wool95) and computationally undemanding pooled OLS, pooled two-stage least squares (2SLS), fixed effects (FE), and fixed effects two-stage least squares (FE-2SLS) estimators. 12 This also enables us to compare our results with those obtained in some of the studies discussed in Section 1. For the sake of completeness, it is worth noting that we include dummies for every age year (in the OLS and 2SLS models) and survey year (in all models), and thereby control for (birth) cohort effects. In addition, in the OLS and 2SLS models we add dummies for medium and high educational attainment, and for country.
The first step in the estimation procedures of Semykina and Wooldridge (2010) and Wooldridge (1995) is to estimate the participation equation as a sequence of T standard cross-sectional probit models to calculate the selectivity correction terms, i.e., the inverse Mills ratios (IMR). These results are reported in appendix tables A.5 to A.8 for 11 We, therefore, use the Stata do-files that are available in Semykina's webpage (http://mailer.fsu.edu/~asemykina/). Instead of using the analytical formulae for the asymptotic variance one can also apply "panel bootstrap". The bootstrap estimator will be consistent for N →  and T fixed (Semykina and Wooldridge, 2010) . 12 See Semykina and Wooldridge (2008) and Jäckle and Himmler (2010) for a similar analysis using U.S. and German data, respectively. men and women. In the wage equations, we tested for (contemporaneous) selection bias as proposed in Semykina and Wooldridge's (2010) Finally, in the 2SLS and FE-2SLS models, we provide two additional tests on the health limitations variables (chronic conditions and GALI), which are shown in the bottom parts of Tables 3 to 8. The first is an F-test that the coefficients on the health limitations in the first stage (population) health reduced-form regressions are all zero. The test statistics are always high and well over the rule-of-thumb of ten (Bound et al., 1995) .
The second is an overidentification test where the null hypothesis is that the health limitations variables are orthogonal to the error term in the wage equation. As shown by the p-values, in the FE-2SLS models we do not reject the null hypothesis at any sensible level for men and do so only for older female workers and in the 2005-2007 period, where we reject it at a five percent significance level. This, however, is to be expected, 13 We also tested for selection bias in the FE model using Wooldridge's (1995) Procedure 3.2. As expected, the results from this test also indicate the presence of selection bias in the (main) wage equations for men but not for women (see Columns 1 in Table 2 ). However, it is worth mentioning that another condition required for consistency of, e.g., the FE-2SLS estimator (apart from no contemporaneous selection bias) is that selection in one time period is not correlated with the idiosyncratic errors in other time periods (Semykina and Wooldridge 2008, pp. 20). as overidentification tests that ignore selection (and/or unobserved heterogeneity) will tend to reject the validity of instruments too often (Semykina, 2012) .
Before the Great Recession (2005-2007) Wage equations
The top and bottom panels in Table 3 contain the estimation results of the wage equation for the period prior to the GR for men and women, respectively. As shown in the top part, men in better health earn higher (hourly) wages, although the magnitude differs across models. For instance, in Column 1 the parameter of the health variable using the pooled OLS estimator (0.07) is higher than the coefficient in the FE model (0.012), which suggests a positive correlation between the individual FE and health, with those individuals that are more productive (and, hence, earn higher wages) having unobserved characteristics which lead to better health. Controlling furthermore for selection in the Wooldridge (1995) estimator leaves the coefficient (0.015) and significance level virtually unchanged. Turning to the 2SLS models, a comparison of the parameters shows that the coefficients of the health variable in columns 1, 2 and 3 are smaller than their 2SLS counterparts in columns 4, 5 and 6, respectively, which is to be expected if SRH is error-ridden (see also Cai, 2009; Jäckle and Himmler, 2010) . 14 Using the 2SLS estimator yields the highest parameter estimate of 0.106, whereas accounting for unobserved heterogeneity (on top of measurement error) in the FE-2SLS estimator again scales the health coefficient down to 0.055. Controlling furthermore for nonrandom selection into the workforce increases the parameter to 0.085.
The same six econometric models using the female sample are presented in the bottom panel of Table 3 . The results, however, are much less intuitive than in the male sample.
Throughout the specifications, only the pooled OLS and 2SLS estimators yield a significant and rather similar effect of health on wages, which is substantially smaller when using the Wooldridge (1995) estimator, and insignificant in the other specifications.
14 As explained in Flores and Kalwij (2013) , such an attenuation bias in the impact of health on wages can most likely be attributed to a standard errors-in-variables downward bias in the effect of SRH on wages because of a dominating (pure and reporting) measurement error in SRH (see Bound, 1991, p. 111; Bound et al., 1999) . 0.070*** 0.012*** 0.015*** 0.106*** 0.055*** 0.085*** (0.005) (0.004) (0.005) (0.013) (0.017) (0.020) Experience 0.014*** 0.005*** 0.010*** 0.014*** 0.005*** 0.011*** (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) Experience 2 -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) ISCED 3-4 0.215*** 0.211*** (0.012) (0.012) ISCED 5-6 0.614*** 0.605*** (0 (1) and (4) also include dummy variables for age year and country. Columns (3) and (6) also include interactions of the IMR with the survey year dummy variables. Standard errors robust to serial correlation and heteroskedasticity are in parentheses. The standard errors in Columns (3) and (6) are also corrected for the probit first-stage estimation. Significance levels: *** p < 0.01 ** p < 0.05 * p < 0.10. b F-test statistic with degrees of freedom in parentheses. The null hypothesis is that the health limitations (Chronic and GALI) have no joint impact on SRH. c Overidentification test statistic with corresponding p-value in parentheses. The null hypothesis is that the health limitations variables (Chronic and GALI) are orthogonal to the error term in the wage equation (2.6). d 2  test statistics with corresponding p-value in parentheses for the joint significance of 8 and 9 variables (vector . i z ) are reported.
Heterogeneous effects across age groups
The impact of health on labor market outcomes is likely to increase with age (Currie and Madrian, 1999) . To explore this possibility we re-estimate the six previous econometric models for young (20-34), middle-aged (35-49), and older male (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64) and female (50-59) workers. Because our main interest is concerning the impact of health on wages, we again discuss only the results from the wage equations, which are shown in Table 4 for men and in Table 5 for women.
As shown in Columns 1 and 3 in Table 4 for men, the parameter estimates obtained when using the pooled OLS and 2SLS estimators increase (slightly) with age, but remain significant when accounting for individual unobserved heterogeneity and sample selection for older workers only. For the latter, the health coefficient ranges from 0.021 (FE model) to 0.164 (SemWool10). Table 5 contains the estimation results for women.
Only the pooled OLS estimator yields a significant effect of health on wages for all age groups, which, again, slightly increases with age. Moreover, this effect is only robust to individual unobserved heterogeneity and sample selection for middle-aged women.
However, the FE-2SLS and SemWool10 estimators yield an insignificant effect of health on wages for all female age groups.
In sum, in accordance with Jäckle and Himmler (2010) we find that once we take account of the potential problems of unobserved heterogeneity, sample selection and measurement error in SRH, health has a significant impact on wages for men but not for women in Europe. In addition to their study, our results show that the positive impact of health on wages for men is driven by older workers, which is in line with the expectation of health having an increasing impact on labor market outcomes with age (Currie and Madrian, 1999) . 
During the Great Recession (2008-2011) Wage equations
The top and bottom panels in Table 6 contain 
Heterogeneous effects across age groups
As done previously, we re-estimate the six econometric models for young (20-34), middle-aged (35-49), and older male (50-64) and female (50-59) workers and discuss the results obtained from the wage equations, which are given in Tables 7 and 8 for men and women, respectively. -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) ISCED 3-4 0.234*** 0.232*** (0.013) (0.013) ISCED 5-6 0.618*** 0.615*** (0 (3) and (6) are also corrected for the probit first-stage estimation. Significance levels: *** p < 0.01 ** p < 0.05 * p < 0.10. b F-test statistic with degrees of freedom in parentheses. The null hypothesis is that the health limitations (Chronic and GALI) have no joint impact on SRH. c Overidentification test statistic with corresponding p-value in parentheses. The null hypothesis is that the health limitations variables (Chronic and GALI) are orthogonal to the error term in the wage equation (2.6). d 2  test statistics with corresponding p-value in parentheses for the joint significance of 8 and 9 variables (vector . i z ) are reported As Columns 1 and 3 in Table 7 show, for men, only the pooled OLS and to some extent the 2SLS estimators yield a significant effect of health on wages across age groups.
Once individual unobserved heterogeneity is accounted for (FE or FE-2SLS estimators)
the parameter estimate of the health variables becomes insignificant (at the five percent level). Notably, the positive effect of health on wages for older workers found in the period prior to the GR disappears when controlling for individual unobserved heterogeneity and sample selection (Wool95 and SemWool10 estimators) 15 and, in general, we no longer find evidence of an increasing effect of health on wages with age.
The estimation results by age groups for women are shown in Table 8 . The pooled OLS and 2SLS estimators in Columns 1 and 3 show a positive association between health and wages. In the youngest age group, the health effect becomes insignificant once individual unobserved heterogeneity is accounted for (FE and FE-2SLS estimators). On the contrary, in middle-aged women, Columns 1 to 5 yield a significant positive impact of health on wages, which becomes insignificant when using only the SemWool10 estimator. Nevertheless, since we do not reject the null hypothesis of no (contemporaneous) selection bias (see Table 2 ), our preferred estimation results for these women are those from the FE-2SLS estimator. In older female workers the significant positive effect of health on wages in Columns 1 and 3 (OLS and 2SLS estimators) reverses its sign from positive to negative when controlling for individual fixed effects and sample selection, and moreover increases in significance in the 2SLS models (FE-2SLS and SemWool10 estimators). Here we cannot reject the null hypothesis of no (contemporaneous) selection bias either and, therefore, we take the FE-2SLS estimator as our preferred specification. This negative effect of health on hourly wages, we find, is due to a dominating effect on hours of work. 16 To summarize, during the GR the effect of health on wages in the working-age population becomes insignificant for men and remains insignificant for women.
However, across age groups we find some evidence of a positive effect of health on wages (FE-2SLS estimator) for middle-aged female workers, which is only marginally significant for older male workers. We also find a significant negative effect of health on wages for older female workers that is due to a dominating effect of health on hours of work. 15 However, health yields a marginally significant, positive impact on wages in the FE-2SLS estimator, which is the one we should consider, as we find no evidence of (contemporaneous) selection bias for older male workers (see Table 2 ). 16 More specifically, the effect of health on wage earnings is positive and statistically significant in the OLS and 2SLS models only. Instead, the effect of health on hours of work is always positive and statistically significant (results not shown). 
Sensitivity analyses
We performed several sensitivity analyses to test the robustness of our results. For instance, one possible concern in our findings is that the significant effect of health on the wages of (older) male workers disappears during the crisis because (unhealthy) workers (early-) retire from the labor market and, hence, are dropped from our sample (see Section 2). Therefore, we re-estimated all models keeping the (early-) retirees in our sample, and it does not change our main results for men and women, neither before (2005) (2006) (2007) nor during (2008) (2009) (2010) (2011) the GR (these results are available upon request).
We also investigated our (implicit) model assumption of no reverse impacts of wages on health limitations (i.e., the assumption of strict exogeneity of the health limitation variables conditional on the individual fixed effect) by re-estimating the two-stage models with health limitations restricted to only chronic conditions. These limitations are those unlikely to be directly affected by current labor market outcomes (employment). Recent work by Westerlund et al. (2010) provides indirect support for these methodological choices. First, it shows that in France, retirement does not change the risk of major chronic diseases, which supports the inclusion of chronic diseases in the (first-stage) health equation. Secondly, it demonstrates that retirement is associated with a reduction in mental and physical fatigue and depression symptoms, which justifies the omission of GALI from the (first-stage) health equation. The estimation results using only chronic illnesses as an instrument for SRH are given for both men and women in Table 9 , respectively. These results show that using only chronic conditions to correct for measurement error in SRH does not change our main empirical findings in either period, lending support to the assumption of no reverse impact of current wages on health limitations. 17 17 The estimation results by age groups (and in both periods before and during the GR) also remain much unchanged when using only chronic conditions as an instrument for SRH (these results are available upon on request). -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) ISCED 3-4 0.213*** 0.237*** (0.012) (0.013) ISCED 5-6 0.610*** 0.623*** (0 (3) and (6) are also corrected for the probit first-stage estimation. Significance levels: *** p < 0.01 ** p < 0.05 * p < 0.10. b F-test statistic with degrees of freedom in parentheses. The null hypothesis is that Chronic conditions has no impact on SRH. c 2  test statistics with corresponding p-value in parentheses for the joint significance of 8 variables (vector . i z ) are reported.
Summary and discussion
Theoretical economic models predict, based on productivity arguments, that an individual's health affects his or her wage rate. However, econometric problems such as unobserved heterogeneity, sample selection and measurement error are likely to bias the estimate of health in a wage equation. In this paper, we add to this empirical literature by expanding on the findings of Jäckle and Himmler (2010) for Germany to Europe and across age groups, based on the idea of health having an increased effect on wages with age. Moreover, by using data from before and during the Great Recession (GR) we gain insights into whether, and how, the current crisis has altered the relationship between health and wages.
Our results provide empirical evidence of measurement error in the SRH variable when estimating its impact on wages and of selectivity bias in wages for men mainly. Our findings for Europe also show that the positive impact of health on wages for (older) male workers in the period prior to the GR largely disappears during the GR. Moreover, although overall for women we do not find evidence of an impact of health on wages both before and during the GR, for middle-aged (35-49) and older female workers (50-59) we find a (significant) positive and negative impact of health on (hourly) wages during the GR, respectively.
These latter results might be related to the "added-worker effect" shown in Table 1 and appendix Tables A.2-A.4. There is some evidence that suggests that such women (who manage to get a job in a tight labor market) have rather higher levels of education and, hence, also relatively higher wages (see Landivar, 2012, and Tables A.3-A.4 ). The negative effect of health on hourly wages that we find for older female workers is due to a dominating effect on working hours, and might be related to the fact that for these women the increase in employment probability during the GR (i.e. the "added-worker effect") is largest. Still, further research should also consider information on their partners in order to better understand personal circumstances that motivate such women to re-enter into the labor market.
With regard to our findings in the working-age population, although during the GR overall welfare generosity (e.g., access to health care) across countries in Europe has declined, which we would expect to result in an increase in the impact of health on wages, presenteeism (i.e. attending work even though being sick) has become more common among workers. For instance, a recent survey by CareerBuilder (2011) in the U.S finds that more than 70 percent of workers typically go to work when they are sick.
There is also some evidence during the GR of a reduction in the variable component of wages, which is likely to be more responsive to productivity-related components such as health, for instance, through cuts in bonuses and other rewards (Vandekerckhove et al., 2012) . Both the increase in presenteeism and the reduction in the variable component of wages could explain why health has become less responsive to wages in the workingage (male) population during the GR.
From a policy point of view, if the reduction in the impact of (poor) health on wages is attribuitable to presenteeism, while being a short-run effect it actually raises concern on the potentially negative long-run effects for these workers and on the negative impacts on public health, e.g., by affecting co-workers' health. For example, U.S. employees who attended work while infected with H1N1 are estimated to have caused the infection of as many as seven million co-workers (15 percent of the 44 million infected with H1N1) over just three months during the height of the H1N1 pandemic in 2009 (Drago and Miller, 2010) . 
